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The present invention relates to the adherence of a vehicle 
to a roadway. It concerns more particularly the 
determination of adherence characteristics between a 
vehicle wheel equipped with an elastic tyre such as a 
5 rolling tyre and the ground, based on obtaining physical 
parameters in the contact area between said wheel and the 
rolling surface. 

It has already been proposed to take permanent measurements 
10 in the tread of a tyre while a vehicle equipped with the 
latter is moving, in order to know in real time the 
stresses which develop between a tyre and the ground. 
Patent application DE 3937966 Al may be consulted on this 
subject. Nevertheless, however interesting it may be, such 
15 information is still insufficient, since the driver, or 
even an automatic device such as those covered by well 
known designations in the automotive field such as "ABS" or 
"ESP", is still incapable of anticipating a deterioration 
in the adherence. One therefore makes do with noting a 

2 0 posteriori the exceeding of an adherence limit, and as 

rapid action as possible is taken to control the vehicle. 

There exists in this respect a requirement to obtain 
indications "in real time" of the adherence conditions 
25 capable of affecting, in the moments which follow, the 

behaviour of a vehicle, notably in cases where it undergoes 
a substantial acceleration, due to motive or braking forces 
or to a change in path. The invention is aimed at supplying 
means and methods of achieving this in an effective manner, 

3 0 by procuring as realistic information as possible on the 

safety margin which subsists in the driving of the vehicle. 

The invention provides a tyre whose tread comprises at 
least one measuring element whose surface is intended to 
3 5 come into contact with the ground at each revolution of the 
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tyre, said measuring element, viewed at the surface of the 
tread, having a central zone surrounded by an encircling 
zone, said central zone having a resistance to a force 
directed perpendicular to the surface of the tread which is 
5 less than that offered by the encircling zone, a sensor 
being disposed opposite said central zone, said sensor 
being sensitive to at least one tangential force exerted at 
the surface of said central zone. 

The invention therefore proposes adapting a part of the 
10 tread in order to make it exceed the adherence limit in 

numerous rolling circumstances. If at least one appropriate 
measurement is carried out in said part, a knowledge of the 
adherence potential may be arrived at. Here, each time that 
it is a question of carrying out a measurement, the 
15 required sensor or sensors may be external to the tyre 

itself, or embedded in the wall of said tyre, as described 
below . 

Here "measuring element" means a part of the tread of the 
2 0 tyre whose structure is adapted to the aim pursued by the 
invention, and beneath which a sensor is implanted. The 
adaptation consists in providing a central measurement zone 
surrounded by an encircling zone and having properties 
identical to what is used in a significant part of the 

2 5 tread. The properties of the central measurement zone 

differ in that said zone is rendered flexible compared with 
the encircling zone. Said rendering flexible of the central 
zone makes it possible to reduce the contact pressure on 
the ground, which permits a gliding over the ground. There 
30 is meant by "properties" an overall evaluation having a 

contribution stemming from the intrinsic characteristics of 
the material used, and in certain cases a contribution 
determined by the form given by the moulding of the 
material, it even being possible for the latter to 

3 5 predominate. There is meant by "significant part" a part of 
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the tread which is designed solely as a function of the 
wear properties which the designer of the tyre desired to 
confer on the tyre in question, in contrast to what is 
desired in order to perform a measurement. 

5 

In the following, there is meant by "adherence potential of 
one or other element" the ratio between the overall maximum 
tangential force which said element, considered in its 
totality, may undergo during its contact with the ground, 
10 at a given place, and the normal force applied to said 
element . 

We designate as "friction potential" the ratio between the 
local tangential stress and the local vertical stress which 
15 are exerted at a given point onto a rubber element gliding 
over the ground. 

"Available adherence margin" will be called the difference 
between the adherence potential of an element and the ratio 
20 between the overall tangential force and the overall 

vertical force actually applied to said element, considered 
in its totality, during its passage in the contact area. 

Preferably, the invention relates to a tyre whose tread is 
2 5 of rubber. 

The invention also extends to a method for detecting a 
characteristic of adherence between a wheel possessing a 
deformable tread and a rolling ground, comprising the 
30 following stages: 

a) providing in the tread at least one measuring element 

whose surface is intended to come into contact with the 
ground at each revolution of the tyre, said measuring 
35 element, viewed at the surface of the tread, having a 
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central zone surrounded by an encircling zone, said 
central zone being arranged to glide over the ground 
with a level of stresses parallel to the surface of the 
ground which is substantially weaker than the level of 
5 stresses parallel to the surface of the ground beyond 

which the encircling zone glides over the ground; 

b) arranging a sensor opposite said central zone, said 
sensor being sensitive to at least one parameter 
reflecting a tangential force exerted at the surface of 

10 said central zone; 

c) producing a first signal representative of a tangential 
force in said contact surface of the central zone; 

d) detecting a variation in said first signal which is 
characteristic of a loss of adherence; 

15 e) producing an estimate of the friction potential in said 
contact surface of the central zone; 
f) producing an estimate of the adherence potential of the 
tread. 

20 The invention naturally makes it possible to estimate the 
"available adherence margin" by the difference between the 
adherence potential of the tyre and the ratio between the 
tangential force and the vertical force which are actually 
applied to the tyre. As a non-limiting illustration, it is 

25 possible to estimate the tangential force, for example in 
the longitudinal direction, as well as the vertical force 
by means of what is described in the US patent 5 913 240. 
But it is also possible to estimate the tangential force 
and the vertical force by measures all of which are 

30 conducted in the tread. Other details will be given on this 
subject below. 
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The invention is illustrated by the following figures: 

Figure 1 is a partial overall view of a tread of a tyre, 
showing a first embodiment of an element of the latter 
adapted to the measurement in its environment, 
5 - Figure 2 is an enlargement enabling the first embodiment 
of the element shown in Figure 1 to be better viewed, 
Figure 3 is a radial cross-section along III-III in 
Figure 2 , 

Figure 4 illustrates a second embodiment of an element, 
10 - Figure 5 illustrates a third embodiment of an element, 
Figure 6 illustrates a combination of the first and 
third embodiments of an element, 

Figure 7 illustrates a combination of the first and 
second embodiments of an element, 
15 - Figure 8 illustrates a first variant of the first 
embodiment of an element, 

Figure 9 illustrates a second variant of the first 
embodiment of an element, 

Figure 10 illustrates another aspect of the invention, 
20 - Figure 11 illustrates another aspect again, 

Figure 12 illustrates an embodiment variant applicable 

to all the embodiments presented above, 

Figure 13 illustrates another embodiment variant 

applicable to all the embodiments presented above, 
25 - Figure 14 illustrates another possibility of an 

embodiment variant applicable to all the embodiments 

presented above, 

Figure 15 illustrates a possible variation, applicable 
to the embodiments including the first embodiment, 
30 - Figure 16 illustrates another variation again, 

applicable to the embodiments including the first 
embodiment . 

There is seen in Figure 1 a tyre exhibiting a pattern on 
35 its tread. The pattern is chosen solely as an example and 
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is not limiting. Said pattern comprises a certain number of 
rubber tread blocks 2, of sensible and variable shape, 
according to the rules of the art on designing treads. 
Here, a block of rubber limited over its entire periphery 
5 by a fairly deep recess is called a rubber "tread block". A 
certain number of said loaves are adapted here in order to 
make measuring elements 1 of them. 

On each measuring element 1 (see also Figures 2 and 3) is 
10 seen a central zone 10 surrounded by an encircling zone 11. 
In Figure 3 is seen a sensor 12 arranged in the interior of 
said central zone. Such a sensor is disposed preferably 
radially in the interior of the part of the thickness of 
the tread intended to become worn ("radially" is used 
15 according to the conventional meaning in the tyre field) . 

Said sensors are able to measure stresses or displacements. 
It is a matter of measuring a state or states related to 
the deformations or stresses which the tyre undergoes 
during the rolling, at the contact surface opposite said 
20 place, in the longitudinal and transverse directions. Use 
is made, for example, of a device with Hall effect, 
comprising a magnetic element 12 0 and at least one device 
with Hall effect 121. 

25 In Figures 1 to 3 is seen a thin strip 13, that is to say a 
cutout of small thickness compared with the size of the 
recesses 3 adjacent to the loaves. In a wide range of 
stresses developed on the contact of the tyre with the 
ground during normal running, a large part, if not the 

3 0 whole, of the central zone 10 of the measuring element 1 

glides over the ground. It has been found that this occurs 
even with free rolling (no torque) at low speed, including 
on grounds with strong adherence. This phenomenon of 
gliding of the central zone occurs at least during a part 

3 5 of each passage of the measuring element in the contact 
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area with the ground. The guarantee that said phenomenon of 
gliding will occur in the measuring element 1 makes it 
possible to measure the friction potential with the ground. 
In the remainder of the tread, on the other hand, only 
5 small parts glide over the ground, and these possibly 

gliding parts are far too small to provide an exploitable 
measurement for arriving at the friction potential. 

It has been noticed that there exists in the centre of a 
10 tread block, that is to say at a certain distance from the 
edges 14, an excellent correlation between the forces 
directed tangentially , that is to say those providing all 
the accelerations of the vehicles, including guiding it, 
and occurring at the contact surface and the parallel 
15 forces which are able to be measured more in the interior, 
beyond the limit of the wear part of the tread. 

According to a first embodiment, a thin strip relieves of 
stress the material situated radially beneath the surface 

2 0 of the central zone compared with the adjacent material 

situated beneath the encircling zone. Preferably, the 
thickness of said thin strip comes to approximately 0.3 mm 
to 2 mm. In some cases, said thin strip is at least 
partially inclined. 

25 

However, the invention relates per se to a tyre whose tread 
comprises at least one measuring element 1 whose surface is 
intended to come into contact with the ground at each 
revolution of the tyre, said measuring element, viewed at 
30 the surface of the tread, having a central zone 10 

surrounded by an encircling zone 11, a thin strip relieving 
of stress the material situated radially beneath the 
surface of the central zone compared with the adjacent 
material situated beneath the encircling zone, a sensor 12 

3 5 being arranged opposite said central zone, said sensor 



8 

being sensitive to at least one tangential force exerted at 
the surface of said central zone. 

The relief of stress provided by the thin strip 13 makes it 
5 possible to carry out the measurement envisaged in a very 
acceptable manner, and it is thought that this is because 
said central zone offers less resistance to a force 
directed perpendicular to the surface of the tread than the 
resistance to a force directed perpendicular to the surface 
10 of the tread offered by the encircling zone. This makes it 
possible to prevent the occurrence of ground contact 
pressures which are too high to permit gliding of the 
central zone. Hence the general presentation of the 
invention given in the preamble above. 

15 

An advantage of the invention is to be able in this way to 
comprehend the available adherence margin up to total wear 
of the tyre, by means of a measurement of the friction 
potential made as indicated. 

20 

What is set out here is all the more usable for a tread 
devoid of pattern. 

The tyre adapted in this way will make it possible to 
25 estimate the "adherence potential", a notion defined above 
and used mainly in conjunction with the tread as a whole. 
The tyre adapted in this way may also make it possible to 
estimate the "friction potential", a notion also defined 
above . 

30 

With one or more appropriate sensors 12, sensibly arranged, 
it is possible to obtain said measurements during the whole 
service life of the tyre. It is naturally desirable that 
the part of the tread of the tyre specific to the 
35 measurement is as small as possible, or more fundamentally 
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that said part does not detract from the performance of the 
tyre. It may be beneficial, therefore, to limit it to one 
or a small number of rubber loaves. The desired information 
may be obtained by making a single measurement per 
5 revolution of the tyre. In an advantageous manner, as shown 
in Figure 10, the tyre comprises sufficient measuring 
elements to ensure that there is always at least one of 
them in the contact area 2 0 with the ground. As for the 
vehicle, it is thought that it is superfluous that all its 
10 tyres should be covered by such measurements, one tyre per 
side may be sufficient. 

Other embodiments of the invention may be envisaged. It is 
possible to mould in the central zone a plurality of 
15 cutouts in the form of wells. In certain cases, said 
cutouts in the form of wells are at least partially 
inclined . 

However, the invention also relates per se to a tyre whose 
2 0 tread comprises at least one measuring element 1 whose 

surface is intended to come into contact with the ground at 
each revolution of the tyre, said measuring element, viewed 
at the surface of the tread, having a central zone 10 
surrounded by an encircling zone 11, a plurality of cutouts 
2 5 being moulded into the central zone, a sensor 12 being 
disposed opposite said central zone, said sensor being 
sensitive to at least one tangential force exerted at the 
surface of said central zone. 

30 This is illustrated in Figure 4. The presence of said 
cutouts makes it possible to carry out the measurement 
envisaged in a very acceptable manner, and it is thought 
that this is because said central zone offers less 
resistance to a force directed perpendicular to the surface 

35 of the tread than the resistance to a force directed 
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perpendicular to the surface of the tread offered by the 
encircling zone. 

In a third embodiment, the Young's modulus of the material 
5 situated beneath the central zone is smaller than the 

Young's modulus of the adjacent material situated beneath 
the encircling zone. However, the invention relates per se 
to a tyre whose tread comprises at least one measuring 
element 1 whose surface is intended to come into contact 

10 with the ground at each revolution of the tyre, said 
measuring element, viewed at the surface of the tread, 
having a central zone 10 surrounded by an encircling 
zone 11, the Young's modulus of the material situated 
beneath the central zone being smaller than the Young's 

15 modulus of the adjacent material situated beneath the 

encircling zone, a sensor 12 being arranged opposite said 
central zone, said sensor being sensitive to at least one 
tangential force exerted at the surface of said central 
zone . 

20 

This is illustrated in Figure 5. The use of different 
materials makes it possible to carry out the measurement 
envisaged in a very acceptable manner, and it is thought 
that this is because said central zone offers less 
25 resistance to a force directed perpendicular to the surface 
of the tread than the resistance to a force directed 
perpendicular to the surface of the tread offered by the 
encircling zone . 

3 0 The variants set out above may be advantageously combined. 
It is thus possible to maintain, during the whole service 
life of the tyre, a vertical contact pressure between the 
central zone of a measuring element and the ground which is 
sufficient to guarantee good accuracy of the measurement of 

35 the adherence potentials. 
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It is therefore possible to combine two or more than two of 
the concepts set out above, the relief of stress by a thin 
strip closed on itself being a first concept, the moulding 
5 of a plurality of cutouts being a second concept, and the 
use of materials having a different Young's modulus being a 
third concept. Figure 6 illustrates a combination of the 
first and third embodiments of a measuring element. Let us 
note that it is possible to envisage that the central zone 

10 of the measuring element is in this case constructed of a 
material with a Young's modulus greater than the Young's 
modulus of the material of which the encircling element is 
constructed. The materials of the latter may be adjusted in 
one direction or in another in order to promote to a 

15 greater or lesser extent the resistance to wear and the 
tendency to glide . 

Figure 7 illustrates a combination of the first and second 
embodiments of a measuring element. It would naturally be 
20 possible to combine the characteristics of the three 
embodiments presented . 

Figures 8 and 9 illustrate two variants of the first 
embodiment of an element, in which rubber bridges 5 connect 

2 5 locally the rubber beneath the central zone to the rubber 

beneath the encircling zone. 

As a comment of general import, let us state that it is 
advantageous if the surface area of the central zone is at 

3 0 least substantially equivalent to the surface area of the 

encircling zone. 

According to another aspect of the invention, illustrated 
in Figure 11, the tyre may present the following 
35 characteristics. L r being the length of the measuring 
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element 1 in the preferred rolling direction shown by the 
arrow F, L g being the length of the measuring element the 
direction perpendicular to the preferred rolling direction, 
Li being the length of the central zone 10 in the preferred 
5 rolling direction, L 2 being the length of the central 
zone 10 in the direction perpendicular to the preferred 
rolling direction, d r being the minimum length measurable on 
the encircling zone 11 in the preferred rolling direction, 
d g being the minimum length measurable on the encircling 
10 zone 11 in the direction perpendicular to the preferred 
rolling direction, the following relations are obeyed: 
dr > Lr/10, dg > Lg/10, Lr/5 < LI < 4Lr/5 and Lg/5 < L2 < 
4Lg/5. 

15 Finally, Figures 12 to 14 show the numerous variants of 
shape (which are in fact infinite) which can be given to 
the central zone and to the encircling zone. Preferably, 
however, the following rule will be obeyed: the centre of 
mass of the measuring element 1 is in the central zone 10. 

20 

It was seen in the preamble that the invention proposes a 
method of detecting an adherence characteristics of the 
tread with the ground. 

25 Based on a pre-established relation for linking the 

friction potential and the adherence potential of the tyre, 
on the one hand, and a procedure for regular recalibration 
using, for example, the property according to which the 
maximum adherence potential of the tyre to all the roadway 

30 conditions combined evolves only slightly, it is possible 
to deduce the value of the adherence potential of the tyre 
from the value of the shear stress exerted on the central 
zone of a measuring element or of any signal representative 
of said shear stress. Said recalibration procedure is 

35 necessary since the pressure beneath the central zone of a 




measuring element may evolve during the use of the tyre, 
for example as a function of the wear on the tyre, for 
identical conditions of load on the tyre and of inflation 
pressure, and said evolution of the pressure introduces a 
5 variable which modifies the relation between the shear 

stress exerted on the central zone of a measuring element 
and the adherence potential of the tyre. 

If the central zone of a measuring element is moreover 
10 equipped with a measurement of the vertical stress at the 
same point, it is possible to calculate the coefficient of 
friction between the central zone of a measuring element 
and the ground by calculating the ratio between the shear 
stress and the vertical stress. In this case, it is perhaps 
15 not necessary to perform a regular recalibration in order 
to evaluate the adherence potential of the tyre. 

Consequently, in an advantageous variant of the proposed 
method of detection, the stages aimed at detecting a 
20 variation in said first signal and at producing an estimate 
of the adherence potential in said contact surface of the 
tyre comprise the following operations: 

a) producing a second signal, representative of a vertical 
force in said contact surface of said central zone; 
25 b) producing from the first and second signals a third 
signal, representative of the ratio between the 
tangential force and the vertical force; 
c) detecting a variation of said third signal 
characteristic of a loss of adherence; 
30 d) producing an estimate of the friction potential in said 
contact surface of the central zone; and 
e) based on the friction potential, producing an estimate 
of the adherence potential of said tread. 
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It is possible to envisage carrying out measurements in the 
part of the tread external to what is called here 
"measuring element ", that is to say in the part of the 
tread whose properties owe nothing to the concern to carry 
out measurements. The method proposed by the invention 
therefore comprises in addition the following stages: 

a) disposing a sensor opposite a zone of the contact 
surface of the tread which is external to the measuring 
element or elements, said sensor being sensitive to at 
least one parameter reflecting a tangential force 
exerted at the surface of said external zone; 

b) producing a first functional tread signal, 
representative of a tangential force in a zone of the 
contact surface of the tread which is external to the 
measuring element or elements; 

c) producing a second functional tread signal, 
representative of a vertical force in a zone of the 
contact surface of the tread which is external to the 
measuring element or elements; 

d) producing an indication characteristic of the tangential 
force applied to the tyre, based on the integration of 
said first functional tread signal, between the moments 
of the start and the end of contact with the ground of 
said external zone, and over the whole width of the 
tyre ; 

e) producing an indication characteristic of the vertical 
force applied to the tyre, based on the integration of 
said second functional tread signal, between the moments 
of the start and the end of contact with the ground of 
said external zone, and over the whole width of the 
tyre ; 

f) determining the "available adherence margin" by the 
difference between the adherence potential of the tread 
and the ratio between said tangential force and vertical 
force applied to the tread. 
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Let us pass to another aspect of the invention, interesting 
in itself. It is proposed to estimate the "available 
adherence margin" without carrying out a measurement or an 
5 estimate of the vertical force actually applied to the 
tyre. For this, the invention proposes a method for 
detecting a characteristic of adherence between a wheel 
possessing a deformable tread and a rolling ground, 
comprising the following stages: 
10 a) providing in the tread at least one measuring element 

whose surface is intended to come into contact with the 
ground at each revolution of the tyre, said measuring 
element, viewed at the surface of the tread, having a 
central zone surrounded by an encircling zone, said 
15 central zone being arranged to glide over the ground at a 

level of stresses parallel with the surface of the ground 
which is substantially weaker than the level of stresses 
parallel with the surface of the ground beyond which the 
encircling zone glides over the ground; 
20 b) disposing a sensor opposite said central zone, said 
sensor being sensitive to at least one parameter 
reflecting a tangential force exerted at the surface of 
said central zone; 

c) producing a first signal representative of a tangential 
25 force in said central zone; 

d) detecting on said first signal the moment of entry into 
the contact area of said central zone; 

e) detecting on said first signal the moment at which the 
first signal undergoes a variation characteristic of a 

3 0 loss of adherence; and 

f) producing an indication characteristic of an available 
adherence margin based on a function of the first signal 
between the moment of detection of entry into the contact 
area and the moment of detection of said characteristic 

35 variation. 
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Said function of the first signal is advantageously the 
ratio between the mean value of the first derivative of 
said signal plotted over time and the value of the signal 
5 at the point characteristic of a loss of adherence. As a 
variant, said function of the first signal is the time 
interval separating said detections. 



Finally, as a variant, the invention proposes a method of 
10 detecting a characteristic of adherence between a wheel 
possessing a deformable tread and a rolling ground, 
comprising the following stages: 

a) providing in the tread at least one measuring element 
whose surface is intended to come into contact with the 

15 ground at each revolution of the tyre, said measuring 

element, viewed at the surface of the tread, having a 
central zone surrounded by an encircling zone, said 
central zone being arranged to glide over the ground at a 
level of stresses parallel with the surface of the ground 

2 0 which is substantially weaker than the level of stresses 

parallel with the surface of the ground beyond which the 
encircling zone glides over the ground; 

b) disposing a sensor opposite said central zone, said 
sensor being sensitive to at least one parameter 

25 reflecting a tangential force exerted at the surface of 

said central zone; 

c) disposing a sensor opposite a zone of the contact 
surface of the tread which is external to the measuring 
element or elements, said sensor being sensitive to at 

30 least one parameter reflecting a tangential force exerted 

at the surface of said external zone; 

d) producing a first signal representative of a tangential 
force in said central zone; 

e) producing a second signal representative of a tangential 

3 5 force in said external zone; 
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f) producing an indication characteristic of an available 
adherence margin based on a comparison of said first and 
second signals . 

The adherence potential of the tyre to the roadway 
determines directly the maximum level of the guiding, 
braking and driving forces which can be transmitted to the 
vehicle. It is a critical element in the mobility and road 
holding properties of vehicles. 

Statistical studies carried out in several countries show 
that there is an undeniable link between this adherence 
potential and the risk of accidents on a wet roadway: the 
weaker the level of the adherence potential to a wet 
roadway is, the greater is the risk of an accident. The 
safety of road-users therefore depends to a large extent on 
the adherence potential. 

An important safety factor here is the ability to estimate 
the level of the adherence potential of the tyre as soon as 
possible before the adherence limit is reached, since the 
possibility of avoiding an accident in the event of 
insufficient adherence will be that much greater if the 
actions to adapt the rolling conditions of the vehicle are 
taken at an early stage. 

The design principle of the tyre presented here represents 
an important advantage from this point of view. It makes it 
possible, in fact, to estimate the level of the adherence 
3 0 potential even when the tyre is rolling freely, which 

amounts to saying that it is possible to determine said 
potential in all rolling conditions of the vehicle, from 
the rolling situation in a straight line at constant speed 
up to situations of maximum braking and acceleration, or of 
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20 



25 
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turns close to the adherence limit. The available adherence 
potential can thus be estimated permanently. 



Based on the measurements described, it is also possible to 
know the part of the adherence potential which is actually 
utilised. 

The following table illustrates applications permitted by a 
knowledge of this information. 



CO 

U 

CD CD 

CO rH 

3 X 
fd 

^ i — i 

CD *H 

43 m 

o fd 

£ CD 

^ 43 

O 4-> 
MH 

a mh 

M o 



m a) 
x: 

i — I 4-> 

<u 

> mh 

(L) O 

• — I a 
CO -H 

CD 4-> — 

o a 

a "H ^ 

0) o u 

u a. o 

CD £ 

43 I I 4— J 

"CD* rH CD 

fd fd a 



fd 

4-> 



CD 
C 
-H 

o 
fd 

4J 



4J $3 

05 o- 

a -h e 

•H 4J CJ 

JO -H 4J 

E CQ CO 

O O >, 

u a co 



CO 

CD Jh 
-H O 
mh 

o 

43 CD 

rH 

CD XI 
43 -H 
-P I 
CO 

>i a 
• — I o 

a CO 
3 cu 

CA Jh 



CD 
X! 

4-> 
4-1 

O 



43 

4-> 

CD £ 
CD 

a jh 

2 o 

2 



£ 

3 CD 

£ 43 

-H 4J 
4J 

Qa MH 

o o 

cd 4-j 
a $3 



CD 

e 

cd a, 
cd cd 

fd CD 
J3 ^1 

CD fd Q* 

Qa £ 3 



£ 
u 



CD 
XI 
4-> 



CO 

Jh 

CD 
CD 

fd 
a 
fd 

e 

4-> 

u 

CD 



O 
-P 

CO 

rH 
o 

4-> 
CD 
C 

fd 
o 
u 



-a 

CD 
X! 
CO u 

-h fd 
o 

CD 4J U 
XI -H Qa 

4-> e a 

-rH (d 
CD rH 

jh a 

CD CD CD 

43 D 4-J 

5 C MH 

CD O 
U 

fd CD 4J 

CD 43 CO 

U O 

m rd £ 



CO 



53 
O 



O 
fa 



fa 
O 

Eh 

fa 
M 
CM 
M 
U 
fa 

04 



W 

o 

M 

> 



o 

5h 

4-) 

o 

U MH 

O 

CD 

XI fci 
4J CD 
CD 

4J 4-> 

Qa m 
fd m 

4-> 

<C co 



CO - 

£ CD 

cd a 

4-) -H 

CO 

>i U 

co O 

rH 

CD i 

> -H 

-H 4-> 

4-> C 

O fd 

m — 



43 

4-> 

fd 



PI 
CD 



Jh 
O 



CO 4-J 
-H 



O 

e 



CD 

4J X! 
u 

CD 
U 

u 

CD O Xl 

43 u s 

4-> 

- CO 

4J u a 

CO CD O 

-H > -H 

CO -H 4-J 

CO U U 

< fd 



5H 

o 

£ 

CD CD 
CD rH 
CO X) 



CD 
> 
-H 

4-J CO 

O £ 
CD CD 
Jh CD 
Jh 
O 
u 

G 
CD 
43 



G CD 

cd 43 

> 4J 
H 

CD CD MH 
4-> O 

>. U 

CO U CD CD 

cd di co cd 

co X C 



CO CD 
CD 



O O 
Oi-H 
O CD CO X! 
CD XI CD CD 

a 4J u > 



CD 






> 


x: 




-H 


- 4-> 




4-) 


cd fd 




U 


a a* 




fd 


-H 


CD 






a 


CD 




-H 


4J 


CO O -H 


}H 


fd 




O 


rH 


CD -H CO 


-P 




4-> 4-J -H 


-H 


CD 


CO C 4-J 


a 


CD 


>i fd C 


o 




co — rd 


£ 



> 

rH 
04 
P 



CO 












0 






■H 


CD 




4-) 


U 




m 


J3 




-H 


CD 




JH 


U 




fd 


CD 




> 


=§ 




CD 


fd 




XI 






4-) 


MH 






o 




4-1 




rH 


o 


4J 


fd 




-rH 


-H 


6 


£ 


4-> 


U 


-rH 




o 


rH 


CD 


4-4 




4-> 


S3 




O 


M 


-H 


a 


• 







>1 

rH 

fd 

4-> 
*3 

CD fd 

•H 
CD 5 

x: 

4J rH 

fd 

CD -H 
^H 4-) 

m a 
a, cd 
e 4J 
o o 



O 

a 

fd G 
O 

CO -H 
rH 4J 



fd 



fd CD 
rH > 
2 CD 

O^rH 

o 

d CD 
O 

CD 

r4 

CD 

43 

fd 

CD 
X! 

4-> 



CO 



4-> 
J3 

CD 

H 4J 
CI) O -H - 

o a^xi xi 
a 4-j cd 

>. -H 
CD U XJ XI 



e 

rJ 

o 

MH 

a 43 

-H 4-> 



$3 ^ d 

CD O 

O CD 4-) 

£ U fd 

fd rH 

CO Oa 2 

O O 

O Pa 



CD 
>i 

rH 

CD 
> 



rd 
CD 



CD 

CD — 

fd rH 

rH CD 

CD > 

> CD 

fd rH 







O 








4-> 




CD 








43 




£ 




4-> 




-H 




MH 




x: 




0 


CD 




CD 




43 


Jh 


43 


U 


4-J 


CD 


4-> O 


CD 




r— 1 


O 


> 


MH 


fd 


MH 4J 


-H 


o 




O *H 


Jh 










CD 


E3 






CO 


fd 


U rH 


CD 






fd 


43 




rH 


O CD 


-P 


MH 


fd 


Jh U 




o 


♦rH 


Oa C3 






4J 


& CD 




r— 1 


J3 


fd u 


0 


CD 


CD 


CD 


MH 


> 




CD 43 


$3 


CD 


O 


43 TJ 


M 


rH 


Qa 4J m 



M 



g 

o 
fa 

525 



P 

W 
P 

O 
O 
fa 



CD rH 

u fd 
$3 -H 

CD 4J 

u a 

CD CD 
43 4-) 
O 

<. a. 



CD 


CD 




rH 


U 




■8 


13 






CD 




rH 


Jh 


-H 


-H 


CD 


CD 


fd 


43 


}H 






fd 




fd 


£ 



Based solely on a knowledge of the available adherence 
potential, or of information directly related to the 
adherence potential, it is possible: 

• to inform the driver of the vehicle: 

when variations in the adherence level occur: for 
example, if the potential declines beyond a certain 
variation limit, an alert may be supplied to the 
driver in audible or visual form to encourage him to 
adapt his driving and to increase his vigilance; 
— » of the relative adherence level which is available to 
him at a given moment compared with a statistical 
base of the adherence limits encountered: the 
information sampled continuously, when the vehicle is 
rolling, may supply a data base implanted in a 
computer system connected to the vehicle or external 
to the vehicle (centralised data base with which the 
vehicle would communicate) ; in addition, said 
information may be compared with the statistical 
population already stored in the data base in order 
to determine the percentile of the population to 
which it corresponds; said result may be converted 
into a single item of information supplied to the 
driver (for example, by the indication of an agreed 
level describing the available adherence: high, 
average, weak, very weak) ; 

• to act on the vehicle: 

— > by adapting the control strategies of systems of the 
vehicle such as the wheel antilocking, antiskid and 
active path monitoring systems: said systems could 
possess strategies differing according to the 
adherence level and predefined by construction; 



depending on the momentary adherence level, the most 
suitable control strategy could be implemented; 
by permitting the determination of the optimal 
actions to be applied to a component of the vehicle: 
numerical simulations in real time can now be carried 
out in the vehicles; with a knowledge of the 
adherence level, it is possible to establish the 
action to be applied to a component (for example 
brake) in order that the response is optimal; it is 
also possible to predict by simulation what will be 
the response of the vehicle to the actions performed 
by the driver and to consequently correct his actions 
or to assist him should the actions appear 
unsuitable ; 

to inform other road users and bodies responsible for the 
upkeep of the road network, by communicating said 
information to central data bases; the current means of 
communication and location of the mobiles (GPS system for 
example) make it possible to assign to each item of 
information concerning the adherence potential supplied 
by a vehicle, the precise location of the corresponding 
portion of road, and to transmit this information to a 
centralised system; on the basis of this information, it 
is possible: 

to inform other users of the road, and their 
vehicles, of the level available at a given point 
even before they have reached said point, which makes 
it possible to anticipate to an even greater extent 
any corrective measures required in terms of the 
controls of the vehicles; 

to supply the managers of the road network with 
accurate statistical information in real time on the 
adherence level, thus rendering superfluous the 
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regular operations to measure the adherence which are 
carried out in certain countries in order to monitor 
their road network, 

If this information on the available adherence potential is 
complemented with the information on the adherence level 
actually used, it is possible in addition: 

• to inform the driver of the rate of use of said available 
potential and to alert him to the approach of the 
adherence limit; 

• to regulate systems of the vehicle (wheel antilocking and 
antiskid systems, for example) directly from the 
difference between the available potential and the 
potential used; 

• to supply the persons responsible for managing the road 
network with statistical information enabling them to 
detect the points of the network where the adherence 
limit is most often approached and where the risk of an 
accident may consequently be considerable, even before 
this risk is highlighted by accident statistics. 

It is possible, for example, to carry out a measurement as 
set out in the patent DE 3937966 Al . It has been seen that 
a magnetic element may be supplemented in the central zone 
25 with a measuring element, at a place such that said element 
undergoes a relative displacement with respect to sensors 
with Hall effect placed in the tread when said measuring 
element is subjected to a tangential force or to a normal 
force. The sensors with Hall effect are disposed so as to 
30 measure the minimum displacement of the magnetic element 
under the effect of a tangential force applied to the 
surface of a measuring element, or even to measure in 
addition its displacement, in a clear manner. 
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As a variant, it would also be possible to perform a 
measurement as taught by the US patents 5 864 056 or 
5 502 433. 

5 The signals thus measured are sent to a calculating unit 
which determines the adherence potential and the available 
adherence margin according to one of the proposed methods . 
It is noted that the current technology permits the 
transmission, preferably the remote transmission, of 
10 signals from one or more measuring units implanted in the 

tread and the vehicle itself, and that it is not the aim of 
the present invention to deal with this aspect, which is 
relatively independent of the measuring aspects which are 
dealt with here. 

15 

These calculated items of information are themselves 
addressed, for example, to a device enabling the driver to 
be informed, or else are sent, for example by radio means, 
to a system external to the vehicle allowing centralisation 
20 of the information relating to the adherence potential with 
the ground and designed to notify all road users, or else 
again are used to regulate systems or components of the 
vehicle to which the tyre is fitted. 
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Claims 

Tyre whose tread comprises at least one measuring 
element (1) whose surface is intended to come into 
contact with the ground at each revolution of the tyre, 
said measuring element, viewed at the surface of the 
tread, having a central zone (10) surrounded by an 
encircling zone (11) , said central zone having a 
resistance to a force directed perpendicular to the 
surface of the tread which is less than the resistance 
to a force directed perpendicular to the surface of the 
tread offered by the encircling zone, a sensor (12) 
being disposed opposite said central zone, said sensor 
being sensitive to at least one tangential force exerted 
at the surface of said central zone. 

Tyre according to claim 1, in which a thin strip 
relieves of stress the material situated radially 
beneath the surface of the central zone compared with 
the adjacent material situated beneath the encircling 
zone . 

Tyre according to one of claims 1 or 2 , in which a 
plurality of cutouts in the shape of wells are moulded 
into the central zone. 

Tyre according to one of claims 1 to 3 , in which the 
Young's modulus of the material situated beneath the 
central zone is smaller than the Young 1 s modulus of the 
adjacent material situated beneath the encircling zone. 

Tyre whose tread comprises at least one measuring 
element (1) whose surface is intended to come into 
contact with the ground at each revolution of the tyre> 
said measuring element, viewed at the surface of the 



tread, having a central zone (10) surrounded by an 
encircling zone (11) , a thin strip relieving of stress 
the material situated radially beneath the surface of 
the central zone compared with the adjacent material 
situated beneath the encircling zone, a sensor (12) 
being arranged opposite said central zone, said sensor 
being sensitive to at least one tangential force exerted 
at the surface of said central zone. 

. Tyre according to one of claims 2 or 5, in which the 
thickness of said thin strip comes to approximately 
0.3 mm to 2 mm. 

. Tyre according to one of claims 2 or 5 or 6 , in which 
said thin strip is at least partially inclined. 

. Tyre whose tread comprises at least one measuring 
element (1) whose surface is intended to come into 
contact with the ground at each revolution of the tyre, 
said measuring element, viewed at the surface of the 
tread, having a central zone (10) surrounded by an 
encircling zone (11) , a plurality of cutouts being 
moulded into the central zone, a sensor (12) being 
disposed opposite said central zone, said sensor being 
sensitive to at least one tangential force exerted at 
the surface of said central zone. 

. Tyre according to claim 3 or 8 , in which said cutouts in 
the shape of wells are at least partially inclined. 

0 . Tyre whose tread comprises at least one measuring 
element (1) whose surface is intended to come into 
contact with the ground at each revolution of the tyre, 
said measuring element, viewed at the surface of the 
tread, having a central zone (10) surrounded by an 



26 

encircling zone (11), the Young ! s modulus of the 
material situated beneath the central zone being smaller 
than the Young's modulus of the adjacent material 
situated beneath the encircling zone, a sensor (12) 
5 being disposed opposite said central zone, said sensor 

being sensitive to at least one tangential force exerted 
at the surface of said central zone. 

11. Tyre according to one of claims 1 to 10, in which the 
10 surface area of the central zone is at least 

substantially equivalent to the surface area of the 
encircling zone. 

12 . Tyre according to one of claims 1 to 10 in which, L r 
being the length of the measuring element (1) in the 
preferred rolling direction, L g being the length of the 
measuring element in the direction perpendicular to the 
preferred rolling direction, Li being the length of the 
central zone (10) in the preferred rolling direction, L 2 
being the length of the central zone (10) in the 
direction perpendicular to the preferred rolling 
direction, d r being the minimum length measurable on the 
encircling zone (11) in the preferred rolling direction, 
d g being the minimum length measurable on the encircling 
zone (11) in the direction perpendicular to the 
preferred rolling direction, the following relations are 
obeyed: dr > Lr/10, dg > Lg/10, Lr/5 < LI < 4Lr/5 and 
Lg/5 < L2 < 4Lg/5. 

30 13. Tyre according to one of claims 1 to 10, in which the 
centre of mass of the measuring element (1) is in the 
central zone (10) . 
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14 . Tyre according to one of claims 1 to 13, comprising 
35 sufficient measuring elements to ensure that there is 



always at least one of them in the contact zone with the 
ground . 

5 . Tyre according to one of claims 1 to 14, in which the 
sensor (12) is embedded in the wall of said tyre. 

6 . Tyre according to claim 15, in which the sensor (12) is 
arranged outside the part of the tread intended to 
become worn during the use of said tyre. 

7 . Tyre according to one of claims 1 to 16, in which the 
sensor (12) comprises a device or devices with Hall 
effect . 

8 . Method of detecting a characteristic of adherence 
between a wheel possessing a deformable tread and a 
rolling ground, comprising the following stages: 

a) providing in the tread at least one measuring 
element whose surface is intended to come into 
contact with the ground at each revolution of the 
tyre, said measuring element, viewed at the surface 
of the tread, having a central zone surrounded by 
an encircling zone, said central zone being 
arranged to glide over the ground with a level of 
stresses parallel to the surface of the ground 
which is substantially weaker than the level of 
stresses parallel to the surface of the ground 
beyond which the encircling zone glides over the 
ground ; 

b) arranging a sensor opposite said central zone, said 
sensor being sensitive to at least one parameter 
reflecting a tangential force exerted at the 
surface of said central zone; 
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c) producing a first signal representative of a 
tangential force in said contact surface of the 
central zone; 

d) detecting a variation in said first signal which is 
characteristic of a loss of adherence; 

e) producing an estimate of the friction potential in 
said contact surface of the central zone; 

f) producing an estimate of the adherence potential of 
the tread. 

Method of detection according to claim 18 in which the 
stages aimed at detecting a variation in said first 
signal and at producing an estimate of the adherence 
potential of the tread comprise the following 
operations : 

a) producing a second signal, representative of a 
vertical force in said contact surface of said 
central zone; 

b) producing from the first and second signals a 
third signal, representative of the ratio between 
the tangential force and the vertical force; 

c) detecting a variation of said third signal 
characteristic of a loss of adherence; 

d) producing an estimate of the friction potential in 
said contact surface of the central zone; and 

e) based on the friction potential, producing an 
estimate of the adherence potential of said tread. 

Method according to one of claims 18 or 19, comprising 

in addition the following stages: 

a) disposing a sensor opposite a zone of the contact 
surface of the tread which is external to the 
measuring element or elements, said sensor being 
sensitive to at least one parameter reflecting a 



tangential force exerted at the surface of said 
external zone; 

b) producing a first functional tread signal, 
representative of a tangential force in a zone of 
the contact surface of the tread which is external 
to the measuring element or elements ; 

c) producing a second functional tread signal, 
representative of a vertical force in a zone of the 
contact surface of the tread which is external to 
the measuring element or elements ; 

d) producing an indication characteristic of the 
tangential force applied to the tyre, based on the 
integration of said first functional tread signal, 
between the moments of the start and the end of 
contact with the ground of said external zone, and 
over the whole width of the tyre; 

e) producing an indication characteristic of the 
vertical force applied to the tyre, based on the 
integration of said second functional tread signal, 
between the moments of the start and the end of 
contact with the ground of said external zone, and 
over the whole width of the tyre; 

f) determining the "available adherence margin" by the 
difference between the adherence potential of the 
tread and the ratio between said tangential force 
and vertical force applied to the tread. 

.Method of detecting a characteristic of adherence 
between a wheel possessing a deformable tread and a 
rolling ground, comprising the following stages: 
a) providing in the tread at least one measuring 
element whose surface is intended to come into 
contact with the ground at each revolution of the 
tyre, said measuring element, viewed at the surface 
of the tread, having a central zone surrounded by 
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an encircling zone, said central zone being 
arranged to glide over the ground at a level of 
stresses parallel with the surface of the ground 
which is substantially weaker than the level of 
5 stresses parallel with the surface of the ground 

beyond which the encircling zone glides over the 
ground, 

b) disposing a sensor opposite said central zone, said 
sensor being sensitive to at least one parameter 

10 reflecting a tangential force exerted at the 

surface of said central zone, 

c) producing a first signal representative of a 
tangential force in said central zone, 

d) detecting on said first signal the moment of entry 
15 into the contact area of said central zone, 

e) detecting on said first signal the moment at which 
the first signal undergoes a variation 
characteristic of a loss of adherence and 

f) producing an indication characteristic of an 

2 0 available adherence margin based on a function of 

the first signal between the moment of detection of 
entry into the contact area and the moment of 
detection of said characteristic variation. 



25 22. Method of detection according to claim 21 in which said 
function of the first signal is the ratio between the 
mean value of the first derivative of said signal 
plotted against time and the value of the signal at the 
point characteristic of a loss of adherence. 

30 

23. Method of detection according to claim 21 in which said 
function of the first signal is the time interval 
separating said detections. 
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24. Method of detecting a characteristic of adherence 
between a wheel possessing a deformable tread and a 
rolling ground, comprising the following stages: 

a) providing in the tread at least one measuring 
5 element whose surface is intended to come into 

contact with the ground at each revolution of the 
tyre, said measuring element, viewed at the surface 
of the tread, having a central zone surrounded by 
an encircling zone, said central zone being 

10 arranged to glide over the ground at a level of 

stresses parallel with the surface of the ground 
which is substantially weaker than the level of 
stresses parallel with the surface of the ground 
beyond which the encircling zone glides over the 

15 ground, 

b) disposing a sensor opposite said central zone, said 
sensor being sensitive to at least one parameter 
reflecting a tangential force exerted at the 
surface of said central zone, 

2 0 c) disposing a sensor opposite a zone of the contact 

surface of the tread which is external to the 
measuring element or elements, said sensor being 
sensitive to at least one parameter reflecting a 
tangential force exerted at the surface of said 

2 5 external zone , 

d) producing a first signal, representative of a 
tangential force in said central zone; 

e) producing a second signal, representative of a 
tangential force in said external zone; 

30 f) producing an indication characteristic of an 

available adherence margin based on a comparison of 
said first and second signals. 
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